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[8MB] SaTK*^T%>!BSTMRJt^t3» fiffifittf 
-5. 

C»»¥gH MTJff 7 011, mi ©3£®ttJl 2 4 
t, h>^AU7I3 0t. J8 2<Oj|«tt«4 2<t*« 

^1 «^68ttl2 4±K&SJIfclXfcJ3NkJgJI2:J&fi£ 

lit. il©»H3 2±»C*2 0)»g|3 4£^J&-T3 
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[?#friS#©*5B] 

i$mm i ] wmztitcmmzfciii-rzfzitxDmm. b 

0lt^h>^JW\*iJ7li:&ii, mmb>^)i 
m 2 ©A U <h - t h 

im^m 2 ] BtriBm 2 <dau TSttKft^a^js^ti 

[W*JS3] mJfBK!l©AU7IIli. ituIES! 2 co A U 
7H©JI*&(._t ©»-£-£# 1X^5 £ TSUI 

[»#3H6] iifrfBffS 1 ©9M8ttJltt. n&mmiz^K) 

m^m 7 ] mtzwi i ©a- u 7 »©#*«, o . 6 n 

[it^8] iffiS 1 feii^I 2 OA-'J TIffl 5^'> 
&<£*>— jjifi. i^DA (Cr), t'jyf> (M 
o) , 9Zs*fr (Ta) , (Nb) . S§ (C 

u) , (P t) , n^WK (Pd) . #D> 

(B) , m& (C) . 7;H--)A (AO . *>^7> 
7> (W) . yUa> (Si), (T i) , n± 

i^A (V) . )\rr—VJ* (Ru) . U-^A (R 
e) , ^)Vzi=.Oh. (Zr) *5«fctf#U£A (Ga) ^ 
<=> fc*»© 5 *> < £ %> 1 m&Zt! C <fc £4*« fT & 

[IS*3l9] imr8eStl*5J:tfSg2©A*'J7Jl©5^<!> 
7^3 ^ A (Al) , 9>9)V (T 
a) . -<y^r;P (Ni) , ^> (Ti) , A7~>>A 

(Hf) , 7^yfA (Mg) , ->U3> (Si) . 
vMPn-^A (Zr) *5«fctf#>J?A (Ga) ^6.^-5 

nfcfeo-e** £££W«i-r*ii*H 1 ©e» h 

[M*3t 11] flfflE£ 2 OA" >J 7H©ff3>44, 0 . 4 
nmJ&TF-C&S £ <b S»itt5» 1 tcB*©«» 



[M#S112] BfiiBr->*AAl)7Jf ©JP^te. 1. 

5 nmHTTSSut^fitS^ll fCsB«©® 

[»#S13] MfSr-^AAU 711(4, 0*^5 0 
0 m VKHSlOA'-f 7^«JE*aiflnbfc«-g-tC^^T, 
lEWA'f TXtEtftO/H TXmffitroStaMl ab 
s (R+-R-)/ (R++R-)] *J3 96*»T*S 

^t*»ttts«*« i izmmvmm. b >*)vm&m 
h y^jmsm^ *stiS-r«*ST?*-3 xsg i ©$«% 

WIBIg 1 ©3$mttgB#©-ti~ h >*;W\* «J T«»*»fiE 
[St^qi 15] mTlB h A-A U 7»»»«I8I4. 

mit&m&om 1 ©a* u 2 © a* u tss^st 

It*« 1 4 k:E«©«iS h V^^fiS^*^ ©«jS*ffi. 
16] mrSB h >*JPA* U TSB^^fiEXSli. 

A* >J 7»«-©JP#.«_h©JP**#TS C 1 

W*^ 1 4 JCfB«CD^fa h >^;i/«-&*^F (DMm^m. 

im-&m 1 8 ] mtzm 1 co/\* u mam 2 © 

a* u Taw** cfctfiflEteon u 7««-©^-rn«fc 0 fe® 

immm 1 9 ] wib^ 1 ©ai«tt«»-tt»«tt7 u - 

*;p«^*f ©«jfi*& 

ia»#JH2oi ttaa»i©AU7»»©j»*»4. 0. 

6 nm£HTT**£££#*£-r*»#Bl 4BB«©^ 

»*82i] iraajsi*«fctfjB2©/tg7a5»©-5 

*.^< tt>— (Cr), t'J^x> (M 

o) , 5>>5r)l (Ta) . (Nb) . ffi (C 

u) , 6^ (P t) , /^7>")A (Pd) , 3}^P> 
(B) . (C) . T)V^-^K (Al) , ^>yx 
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f-> (W) . y'Jn> (Si) . (Ti) , n-t 

z/OA (V) . IVt-'OL, (Ru) , U-r>A (r 
e) . ~J)Va ~0 A (Zr) £cfcL£#>J «5A (Ga) 

8*1 1 4 mmnmn. h >*)i&&m-o>m6.-%m. 

[»*B2 2 ] MrfBfSI 1 i5£LKfS§2 ©A*'J Tgltfr©? 
■t>4>t£< tfe— 7;i^sz^a (ad . ^>^;i/ 

(T a) . n^ir;U (Ni) , ^> (Ti) , AT7~ 
£A (Hf) . v^^->r>A (Mg) . ->Un> (S 
i) , (Zr) ^cfcOWD^A (Ga) jflA 

8*i 1 4 iee©K^ h >*;N&^*^©sig**£. 
[8*i 2 3 ] mmm 2 ©a* u rfiB#©j»*at, 0 . 
4nm&>T-e&z>zLt$:<$mtTz>m#mi 4iB«©m 

[»*i 2 4 ] rnmmw u t^cds±^©/?^ 

0. 4nm«Ttr**Ct*W«4:-r«i»*3Hl 6 

[8*12 5] Wi2h>^A'UTgp-a-©JP^«. 
1. 5 nm«Tl?*5^ t^tttSi^ 1 4 sim 

[8*1 2 6] itiJfBSg 2 ©3£attgB#£)fcJ5Jc 

bit*. «fEh>*;PAiJ7«»*iaj|ft-rsxe&#tr 
ii^fttSaWi 4 te«©«M h >*)vtt&m 

^©ffiiS^a. 
[8*12 7]. ftJfBJJOf&XSTte. 3 0 0 < C*^TJjn 

mmwrz z £ t ts8*i 2 6 ib®©^ h > 

*)H£^i£^©S!jft;fr8u 
(8*1 2 8 ] mmW, 1 *5 J; JB 2 ©SISJttgBft-te. 
n/VWh (Co) ,»(Fe) *5J;^--y^r)U (N i ) 
*^^-5P©5^^/«c< <h*> la^trCtS^tT 

38*1 1 4 iB«©m^ h >*;wS5^*^o«jfi*ffi. 

[8*129] WI2*lis«fctfJS2©!a«tt 

[8*13 0 ] striam 1 *5j;^m2 ©^fistsau^©^ 

[8*13 1] WE*l*s«tacjB2 0H«tt«»©5 

m2©^ttg<h. ^ne.©wtc^^ns*«tt#ss 

^A*)l/h (Co) , a;\')H^ (Co) ^-^cfctf-'yir 
;Mfc (NiFe) £££^tr*m£flin, h>*;UAU 
7»»»=i»»f* J; 5 izmmm 1 & j^sg 2 ©^mtt/i 

©5*.— ^©^tt^^^fig-r^x^-y^t. 
-v'ri^fk (NiFe) £-&*>L<«u -v>r)V&'&&. 



{C^DA (Cr) . ^>^)P (Ta) . tiJ7r> (M 
o) . (Nb) iS&WtVZ—VJ* (Zr) ^6 

«:5B»5i6^<tt)li*«110LT6:5^SfflH 

[19*13 2] £StC. ?>^)I/ (Ta) , i'DA 
(Cr) . fP^> (Ti) , -vThZUK (N i C 
r) ^*«ttf--y^r;U^nAtt (NiFeCr) 

[8*13 3] $^fc, £1 (Cu) . 7)U5-^A 
(Al) ^.tlC-y^HJt (NiFe) <&&frt>1s.Z>®. 
©554>ft< t : bim.$:*£tsWil3~>£ZfWi2<0'm§zL l J — 
K)i*»fi6-r«XS^trct*«p«i:rsBI*H 4 
Ktt©B& h >^;wffig-3g^©Mit^r& <> 

[8*13 4] IWfge H >^;UAU TW^Sr. 
ME.rfOfr>b 5 0 0mV©SgB©4§£-f;:. 
«E£ft©A-f 7X*EEt©«St2[ abs (R+-R 
-) / (R++R-) 1 rf3%*Lffi£tz2>£5lzBf£T 

»^©Mig*fc • 

[8*13 5] *l©3&«ttgM3-*JBJ«T*Xg£:, 
Wffimi ©3gfiSttSi5^±»C. h>^)PA*UTgB^*3«fcC^ 

j62oi«tt«»*ccii:»)«-4ilt*t* > 
S5IB h >^;w\*«j TSB^©^)5$;xgtt. 
wsmm 1 ©^K14g|5^-±tc 0 . 6 nm«Tfflf*Stt 
5^1©A*U7ap^SrPj^b. UMlt^Iii. 
H^fBmi©A'»JTg|5^±fC0. 4 nmt/.T©J¥*- : &*-r 
2 ©/\* U Ta5» *^T5 Ig i: ZStS d tSr^@ 

[8*1 3 6] WfB h >*)UA*'J 7»»»)8lill 
»fl:ffla«©WISJB 1 ©A' "J 7-gP«-±JC 0 . 4 nmJWT 
©JS*£W-r-3Sg2©A'U7SB*r£J&s£U K{kMS-r 

[8*13 7] WfB^ 1 izfH2<0/V) 7fflft(Dz>%'p 
l3.<£b—Jjtf. TfrS.-'Z A (Al) , ^>^)U (T 
a) . (Ni) , (Ti) , A7~?A 

(Hf) , V^->r> A (Mg) . ->'J3> (Si) , 
>^3-<?A (Zr) tS^CK^U^A (Ga) 
S¥©5 < i 1 as^tfd t Sr#®fr -58*1 

3 5 iE«©ffiS^; h >^;^^*T©Sjg^ffi 0 

[8*1 3 8 ] jttfBSg 2 (09fiflStt»^«^ bfe^. 

3 o ox:&m<DU&^ 5f%ffl&pq<Dta&Mm&-tz>xm 

$^tTCi:€:#mi-r-58*l3 5 IBm©®* h >*)V 

[8*i 39] m% h >*)vm&m=?*: m ^rmmz 
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MSB h >*;kK 'J 7g±K«rr<5lf£ 2 £ &ffi 

A, 

iWiEh^JUA'JTJf tt, 

IB h >*;l/A* 'J 7S&#JBMcIgtf . 

sasBSfs i ©»sattais»±c?B i ©a*u Tmft&m&is* 

mi kffla^©MIB^ 1 ©A U 7SBft-±(Cfg 2 A* U 7SB 
Jl'A "J 7«a-©»jS:Egtt. 

StiJiBSg 1 CD!fifi8ttSI5^±tCO. 6 nmUTF<D**£*-r 
KYbiffla«©flftlB^ 1 ©A <J 7g|5^±(C 0 . 4 n m^T 

[0 0 0 1] 

(magnetic tunnel junction : MT J ) *^43 J;0^-€-cD 

mfs.b>^)im^m^y bti^fDm^mizmv. 
mz, i^-tt, M^tttcffin?. h >*;w\* u rm^-r 

^mm. b y^jim-smT&ffiz.zmm. b >*)vm&m 

[0 0 0 2] 

m&V&ffi] tfrfciO, m^itm^m (Anisotropi 
c Magneto-Resistance. KT, AMR) m&foZ^V&T, 
fcfWOl^ (Spin-Valve. JiTF. SV) x&JfycS-^fc 
fiSmStn (Magneto-Resistive. J&TF. MR) jgTtf. fi& 



PJfflLT. fBit5g^iCfa^3nfcff^<75^fttCj;oT4 
D-SS^If^taf^feOTf*^. AMR^^fiJffl 
l//:MRif (fte*)*., AMR$f) 0«»fiJSSEfl: 
$AR/Rttfi<, -SS(Cl~3%e^T-*-S. cniC 
*rU l^i;««*H]JniUfc*^<DS V*f0AR/Rli 
-mz 2 ~ 7 % (CR^o dOD^^/i^^SS Vsjl^^ffl 

•y KJiU: (&G b i ts/in! jy._k, 1 G b i ts/ 
in2=6. 45Gbi ts/cm!) '&r> 
T, HttMCAMRB^y RCSo 

[0 0 0 3] S*«asv*fll ^IS^rWtfS 5 , 15 
9, 5 1 3#»cE«atlT^*J;-5K. 2 -2©!£S8ttJl 

iOSVlftd. 2O0Kiatti©O^©l 
^fcB»T5J:5i:, &v>#> (FeMn) 

ffc^i6]*i@jg s nfc^fistt^tt^att t: > h ■ t * a n 
(MRjt) *«#e>n-5. 

[0 0 0 4] ±sB©AMR3ii^S V^ttfg&S^ 
-fyfflMRiftlT. h >*;i/»*JSii8&* (Tunnel 
ing Magneto-Resistance, TMR) ^JJET-Ss^ rf$> 

z. zmtfjuiiieretcts r&m&mmmz&ttz b> 

Z-frMMl ('Tunneling Between Ferromagnetic Film 
s", Physics Letters, 54A225, 1975 ) ICfBiS^tlTt^ 

^©.fcS&TMRfcfiJffl-fSMRSfi^tf, fi&ft b > 
Z-Jl&'S (Magnetic Tunnel Junction, MT J ) m?. 
$>Z>M&m5Li&ifib >*)M££ (Magneto-Resistive Tu 
nnel Junction, MRT J ) t UTfll 6.ttTt^3<, S 
V*?£N4K. MTJ$fH 2 0©^at4B «S 
JB) ICJ:oT»V»l8IMi&»E*aAy^«|jfi**LT^ 

SifeBftfn-5.) SVfftJJftO, MTJI _ 

^coiljfPtf, CPP (current perpendicular to the p 

lane) mtmxtiz. MT J m?&ffi.nz>t> 
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W.J;ftlZffi,tXZ><D-C&2>. z\<d±> xmm.it, MTJI 

T-© 2 rKDftmnmizsu yxmizzwrnrz z\ t iz =t 

[0 0 0 5] m^*i*&ifcS£MaaT£7n-fe;U£Xfcf> 
tf&«8tt7U-Jl) ©Xlf>£«£^£, fiSa^-^> 

[0006] -t >xmsSt^m i ©3&ssttn s 

a<#sns. 2o©8H8teJf ©affc^iWSWc 

Sfc«£ffi6tR P a«» 6*1-5. W*©ai«ttli®«Yb* 

tttO+MCttttTtt. »^«S[R, HR w tRp 
IH©:*€rS£&D, R a p>Ri>Rp t^5H«3*t»6 
n-5o dn^WlB-^SflEfflLTfiSafitrt^ft:^ (TMR 
It) AR/R= (Rap-Rp) /R P t 

[0 0 0 7] «aE»«M*:»C*»tS«<t»»OJ:'5K. 

Sr^ffi-rsCt^BUgt^-S. ^©£5 (CUT. MT J 

V rms = (2 • e • I • A f ) o 5 • 

[0 0 12] -H>lcKHS/Nifc&#*fctt. «£&*a 
iRSfiaTSM^S. dO»^«taRtt, (2) 

*;WAU7"Ji©l»tt!*S (X^JM 1 — =P-v<;/X) <P©¥ 

s. 

[0 0 13] 

Rocex p (d • <pi/2 ) • • • (2) 
[0 0 14] (2) SCOS-TJjit. ff*d&»<-rs 
CiCfcoT, tt^fitrt«R«r«i«-r*C:tHnI*T* 



[0 0 0 8] 

[5fi9B*t*8tbJ:-5tr*8lja] 1 9 9 5^£ASfFtC$S^ 
SnfcMTJifti. TMR^Wffil^fcODL^&K, 
SiaT»C*5ttSTMRtt:tt*«Jl~2%aSTfe-3fc. L 
*»U 1 9 9 5^K, £»TT*D*T1 0X«±©«T 
MRtt*StMTJ*?^lSnT!!l^. MTJif 

£ofc„ Cftfc&BLTte. Moodera <Z>izJ:Z> rggTT 

ge Magnetoresistance at Room Temperature in Ferrom 
agnetic Thin Film tunnel June t ions'. Physics. Rev ie 
. w. Letters, 74, 327, 1995) tc«toT^ft$nfc„ 

[0 0 0 9] lsfrls13.ifi£>, ^MTT-HJ-fcJiSTMRit 
*fflfclLftMT J Iff *fls« C itttnST 

fikfcwMT j ss^Tttfii^fistti*^* < > mmtn^ 

(Signal to Noise . S/N) tl>5AT 
ffil2^®ffi$:^«?)^)fc«e)«Ctt, MT JSfftCtStt 

=#{Ccfc2> TMagnetic Tunnel Junctions Within Situ 
Naturally-Oxidized Tunnel Barrier (gSSK-ffctetc 
«J:-5h>^;U/N*'JT**r-r-5J8^r->^;^^-) J (Ap 
Pi. Phys. Lett. 71, 3296 (1997)) Tfcfc, 
«*t«E^ttAi<BH <tTM R it tt/Jx ^<&oTUS^IIs 

[o o i o] mt jse^T^usiaiHtLT. ->3->h 

/-fX) t^-5fe©*t»0. dtlttS/NitcoiST^-^ 
v-a^r-y-fXtt, S&StHfitRi, t>Xi 
8IO¥*BtlcH:Wn. I¥L<«, Tie© (1) 5£ 

C^-T. iet, ^3 2/ hy-fXS:V rlIls , 

sa f tn. &*. (i) sw, e i4mm^»-r$> 0 

*?J1. 6 X 1 0-19 C (i? — D» T*^> = 
[0011] 
• • • (1) 

h&o mx\t. h>^;w\*'j7iof^it^i 

[0015] se, t.' ^©MT j m^Fizi*. b >*)l 
a* u 7i©n*d tui r^Sfe^fe-r 

ttf±. h>^)UA*UT^©. Jf^d ti£32-r^*[6l©P* 
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5. 

[0 0 16] MTJi^HIUfcraitl/T, »m% 
tkM (Eiectro Static Discharge, ESD) tfmifZtl 

**J 1 5 0 h (V) MTJlf^i^g 

oT, ESDtCiD, MTJff©tt«IiffiJ#» 

[0 0 17] MTJ^JCHaTSffiOIBIIHfcUT. £ 
(Time Dependence of Dielectric 
Breakdown, TDD B) d^fetia. »*L<^^d<h 
fC, KfP B 1©^jlttfc{C. h>*)UA'J7H (T&fc^ 

Si*) ©fifttti'>iTbt5. :©l^, h>*;u 

sat*, h >*;ua u T«tt««fWc«t osfc^rr * - 1 

[0018] s etc. mt j^tcBii-ragijraiHiai 
lt, mt j &T<D±mtkmmiz+ftte&8,miit&9kz 

-±tC^3S(DMT J *f*t»lSE3ft5. h >*WJ 7 

(Sjtr — tLT^t. £g$nfcMT JifTF-CD^KW: 
ta^mm^^estw J: 5 te&m<ft&i>Vf-t-fti:t3. 0 . 

[0019] aMggitt. j&»a>sraH£K**T&a*ifc 
[0020] #»9j©S6 2©bw«u *M*ttK:«ns« 

[0 0 2 1 ] 3 CD glfttt. ESD*3J:^TD 

%mf3:zzt\zm§5.b>*)vm&m'\v b&^zs^nmit 

[0022] ssK#3Mi©«4©Ba$H4. ±m±mm 
\z&^T&^&8 > m&mftTz c ttf-zzzmsts: b > 
*jva*>j TM&m-rz>M% b >*)m$m z ?&&zt*:<D 
m : fe-}5mi3Lt>u\z&.%b>*)ife-&m^v b&^zt^o) 
m&jy&&m&:-rz>z.£iz$>z><, 

[0 0 2 3] 



sm^tt* 8um2nK.m.m&&tm-rz>tztb<Dmn.b>* 

e>2^©ItSl/Tl>Sh>^W'!U7Ii:*Ijl > d 

cd h >*;wau 7«ttH{b«Laji**6^n&!B 1 o/tu 7 
It, m2<DA*U7Jf t^trJ^KLfcfecoT&S,, 
[0 0 2 4] *^BJcomm h >*Jl4ft*#?-?tl. h > 

*wj 7Jf teSEfkms^JS^nfcm 1 ©a*>j 7it, 

m2©A'J7«££"&A/-ei^£CD-C. ff^f6]fC«tD^ 
-MH4*tT5h>^W\'U7I5Wt5'<!:^ 

[0 0 2 5] *5SW<0«« h ^JMfc^S'PTMi, ^2 

©a u 7 mamit&m&ffiz nx n 3 c u t>. 
[0026] h i^ms^SH^TMi, m 1 

CD A U 7IIJ, H 2 CDA 'J7l®S*£l±©f*St L 

tt£3rt3 h>^;W\*'J7MSr^J«-r-&C:t^T^-5. 
[0 0 2 7] S£tC, *f8B^cDm«h>*;Mg^f^pT- 

«. se.tc. i2©MU7i±i:'>s< tt> m©te© 

A'J7lSriA.Tl>5ui!iSffJLK 
[0 0 2 8] *S£9i<Dfl83i; h >*Jt4ft&*7' Ttt, £1 

otau 7»cojp*«, teOTA* u 7e<o^rn«t 0 &J»^ 
[0029] zmbhcmba h >*;^^*ftit mi 

[0 0 3 0] #§gBjjcD5g§[ h >^;U«^-*^T:-(i, W, 1 
©nU7l©S*tt. 0. 6nmHm§ui^i$ 

[0031] h ^^^tt^^Ttt. mi 

*s£cm2CDA*'J7jf <D?*>iKj:< ?DA 
(Cr) , ^U:/^ (Mo) , 5>>?)V (Ta) . r: 

Orzf (Nb) . KCu) . ^ (Pt) , /i7y^A 
(Pd) . #n> (B) . mm (C) . 7;l/5^ r >A 
(Al) , ^>^X^> (W) , ->U3> (Si) , f 
(T i) , n-jrWl* (V) , ;I^-^A (R 

u) . l^-^A (Re) . v^n-^A (Zr) i5<fctf 

jtf'J^A (Ga) ^6^^.^ro-5^^<i ; & 11*^ 

[0 0 3 2] *fgHJ3c7)j!«i h >^;P«^3U^T?_tt, m 1 
*J;^S2©;\*U7I©5^'M< tfc-*^*, 7)b5 
n^A (Al) , 5>>5>)V (Ta) , ^-y^r^ (N 

1) . (Ti) . A7=W.(Hf) . V^-> 

■^A (Mg) , y'j3> (Si), vSJWn-^A (Z 

r) fecfclX^U^A (Ga) A^Mf©5^M<t 

[0 0 3 3] *%W<Dm% b y&vy&ttntf.* 12 
©A l J71tt7^-JHl$tlfcfe©T$oTt)iH. 
[0 0 3 4] 1f%W<Dm% b >*)V&&m=f"Z\t* S2 
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[0 0 3 5] *^BJwam H >*;HS£*^Tte. h > 
^^/N'UTSO^ti. 1. 5nmaTTSSC.i*?l 

[0 0 3 6] *%BJC7)^M h >^)l^m^it, 0 ^ 
6 5 0 0mV©«5Hro/WTX«JE^Entt]L^^H*3 
HT> iEO/N'-f 7X«/E£A©A*-r 7X«EEi© 
JWJTfOgjKK abs (R+-R-)/ (R+ + 

r-) ) tf3%*mT'&%ct-t>mi£isis\. 
[0037] *%w<nm% h >*)im<&m^<nmmjjm 

7gt*# t m 2 <D&ffi.&ffift t £MI'C Mf&? Z> IS <h £^ 
t. C©fg 1 ©A-'J XSBft-XtCfft 2 OA-'J TSB^SrJgfiS; 

[0038] *^Bj ro a^. h >*)\stg-&mf-o)mmjjm 

t. io^i (DA* u 7SB#±i;:!f§ 2 ©a*U T^ftttmfc 

[0039] *%wv>mn. h y^-ivm^m^m^Jsm 
-m, m.ikwmL<r>w, i ©a* u Ta5^±(cm 2 ©a u 7 

[0040] ^sswcma h >*)i>m&m?ommj5m 

T«. b>*^A*U7^H£)5fcXfI'::*5^T. Sg2©A 

•JJ^^Mlfct, Sg2©AU7g&#-tl;: 

it) 1 m<Di&<D/m 7mttZMf&-rzj:m&^ts 
[0041] *^?-fcoa« h- >*)vm'sm^<»m.m33m 

T'i. SgiroAUXSltfHi. fg2©A*U7gBSr©J¥*JW 

±<Dmfr&&-?z> z. tt>m&i>^ 
[0042] mswomn. h >^}vm^m^mm^m 

Tf±> m©A*'J78B#fi, ^©A'^g&fr&.fctftt 

[0 0 4 3] #^BJ©8&* h >^;^^^COgtifl^ffi 
Ttt. Sl(D3t^ttg|5»tt^att7U-^T*oTfc 

[0 0 44] *^b^(7)^ h >*;H^^m^©S[jt^ft 

"Ctt. ^ 1 ©A* 'J TSP^ODJP^tt, 0 . 6 n m^TT* 

[0045] *mw<Dm% h >*)i>m&m?<Dmmi}& 

Tte, mi*5 e fc^2©A*'JTgI5^©3^'>^< tfe- 



^da (cr) . "E'jy'^y (Mo) . ^>^;u 

(Ta) , ~*Zf (Nb) . IB (Cu) . (P 
t) . (Pd) . tfay (B) , 

(C) , TfrZ-VA (Al) , 5->yxf> (W) . 

•>U3> (Si) , (Ti) , a'^s^a 

(V) . (Ru) . (Re) . 

n-^A (Zr) feitftfiJ^A (Ga) frZUZmo 

[0046] mi©is; h >^^»^-*T(D©ii*^ 

Tftt, Ml*5 e fc^2«A*UT^CD5^^<it>- 
T;PS-^A (Al) , 5>>{?)V (Ta) . -.y 
ir;P (N i ) . (Ti) , A7-^A (Hf) , 

^n>"?A (Mg) . ->ij3> (si) ; s^io-i? 

A (Zr) ^JctftfU^A (Ga) ^t>&.£>i¥©5-£4> 

[0047] &§£ma>mm. b y^^m^m^mm^m 

Tfi. ^ 2 © A U Tg5^©iP*-di, 0. 4nmHra 

[0 0 48] &5£we>m%. h yjr-frm&m^vmmjjm 

T'4. faOA*'JTgf5«-W*Ji f iCD/P^\ 0. 4nmH 

[0049] *fgBjro«BM h y^jim&m^ ^mmism 

Ttt. h>^)PA*U7gB»©^ , 4. 1. 5nm£lTT 

[0050] v y^vm^m^mm^m 

[oo5i] ^Bjcoaa h frtg&m f-cvmmjjtiz 

Ttt. Jn*ftXStt. 3 0 0t*iTHnMlt5^i:A* 

[0 0 5 2] #fgBJtf)^ h >*)P«^ ; rO!Sl^ 
T«. Silli5 e k?>*fil2CD3&KttgP#te > aA*)l/h (C 
o) , ^ (Fe) *5«tt/-y^r;i/ (N i ) ^S^C-SP© 

[0 0 5 3] *^BJ«^ h >^)Vffi-&^©Sie^j£ 

[0054] *^Bfl(7)^ h >^;^^-^ : f (omm^m 

Ttt, »l*«t^»2©SS«tta84J-05 , 6^!te<t 1 b- 

[0055] %.&w<Dm%. h yz-jm&m^ommxm 

mi*5cfcDCm2©^mttgl5»©5^'>^<<h : E>- 

**»jsK-rsxsfc*nT, mi*5j;z>'m2©gsastt)i 
e ^©x@«. (Co) , nn;i/h 

(Co) &<&&£Zf--y'T)l<Wi (Ni Fe) 



«rM2002-232040 



8 V-y 



I^MI-SXf^^t, -v>r)\>$k (N i Fe) 
feb<ti, r 7 W^#(;^DA (Cr) , $>>$)V 
(Ta) . t'J7f> (Mo) , —z£~7 (Nb) *><fcUC 
>>;Pn-^A (Zr) fr£;3:&i¥©3fe'>&< tfe ll 
&mm L T& 3 £ ffl Tft&W^mttB & &!&-t 3 X 

[0056] ^guosm k y^)im^m^-(DWkmj3m 

Trte, *>*^ (Ta) , ^PA (Cr) . (T 
i) . (NiCr) ^*«trfny^;W 

!?DA« (NiFeCr) ^*»i&^5»©5 fe4>&< 

[0 0 5 7] h>^JWS5^* ; f<OBifi*ffi 
Ttt, ffi(Cu), 7Vl/5:^A (Al) £><fctf-. y y 
(N iFe) &&*>e>ft-5»CQ5fe4>&< tfe li 

[0058] *^^©flsa h >^jvm^m^<Dmm^m 

0 0mVCDl6fflCQ*§-&tr. Effl/H7X*Etfl©/H 
7X*EtCDi£iaM[ a b s (R+-R->/ (R+ + 
R-) ] #3X*»££*«fc3lC»j«T*££;a«3Sl, 

[0059] *%w(Dm§a.h>*)vm'&m i ?<nmmjjm 

JBttSfctt-XJc. h 'J 7^*^ 2 

SB#£ C ©«K:»j3ET *IS t h >*JUA U 7 

gfctf-CDJgfiKXSte, JB 1 0»«tt««-±fc: 0 . 6nmJ^ 

T(DJI^£#^£fglCDAU7^»£J£/j£U tMl 

tSIgt. £CDatl©AU7"gfl#-hK:0. 4nmJ£TF 

0)IMtt^S2©/\''J7a!^^fM5I§i^ 

ir<fc'5f::L)tfeCDT&-5„ 

[0 o 6 03 #S^©tt«h>*;M*te*^©Sifi:fcaj 

t. dC9?g 1 ©A U TSBtfJiiCfg 2 ©A* 'J 

-fSXSi 5 CLfc©T, i¥*-*lfi](C«tO^— 

fclfiHfettfcWr* h >*;W\* 'J T^ftZBtiZT z> z. Lift 

[oo6i] ^m<Dmm.h>^)um^m^mm^m 
-era, h>^A*u7as«-©^xett, BMt«is«© 

Sgl ©AUTgfcftJifCO. 4 nmmT©JP*^W-r^m 

[0 0 6 2] #3S9I©«ah>*;Ptt£* : P©«*;&& 
-Ct4> flltm2©AU7gB#©-5fe'>&< tfc-* 
*t, 7)\s5.—0& (Al) . ^>^;l/ (Ta) . 
)KNi) , (Ti) , /\y=.^A (Hf) . Y 

A (Mg) . yijn> (Si). vMl/H-^A 

(Zr) iJcfctftfUOA (Ga) ^<=>&5&©5 fe4>& 
< t fe 1 S&#A/TH5 d i^a^tK 



[0 0 6 3] *%B^CD^a h >*)l>ni&#?<DW&J3& 
Tte, ^2©§£«teSB£-£fl2Jj£L;fc|g. 3 0 0t*iffl 

[0 0 6 4] #589i©«£l h >*Jl-«^S!'S7 Ktt, fig 

*^T. Ml ©3$attJft, b^^A'JTJIt, 12 

'J7i(i, mmm*M2tifz%ii<Drt>)7mt. 12 

©A*iJ7)itSr-&tr e t5fcUfcfe©T»-5. 

[0 0 6 5] ttmamfi h >*;H$£^vy FTW:, 
h >*;i/AU 7Btt«fl:«ia*!BSnfcfB 1 ®/tu 71 
t. I20A'1J7I,!:^T^5<»T-, J¥**lPjfCJ: 

t**T#-5. 

[0 0 6 6] «5S®iMh/*mi'\7 h*©£»i£ 

S5^*3 J: IB 2 © H^ttSB # £ ~ © BB JBJfiET -5 XS t 
h>*;UAy7gB#CDffi?fi£xe«u f 1©M 

it, m<t%km&<nt& 1 ©a u xgeft-xtcig 2 © a u 7 

£ PiTT £ it t & J: 5 ic V tz fe wt * & . 
[0 0 6 7] *fgl^©a^ h >*)V&&M'\v KWStjg 

^fig-r-SXSi:. dCO^ i co^attap^±^ h >^;wn* 

St r->^;WN*'JTgP^CD^X8«, IB1C0 
3iKttS|5^±(CO. 6 nmJ^TcDff^^T&sBl CO/t 

2©A'J7»»*»rirr*xet*^trJ:5K:L/fcfe«) 

[0 0 6 8] *^B^cD^a h >*;l/*'&a'sy K&OSjg 
fife-ViZ, h>*)V>V)7UftB&JLmzl£^X. %\ 

oa'ij7^*«eei. s?fbMs-r-5xst. mimm 

'&<DWi 1 C0/\* U TSBft-XtClg 2 COA'U TgC»2r^fi£T^ 
XSt*^tJ«k-5{cbfcoo-?r, JH^ftJc J; D^-ttlft 

[0 0 6 9] 

[0070] mi<D3m<DBm 
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>*jum& (mtj) ^i^doMT j m^z-sts 

8Ih>^^i (MTJ) s\y K©f8fi£(C-^T\ 

[0 0 7 1] 01 ii. *HJgc7)^(r^^MT 
0 Sr-g-trMT J 'Vy K 1 (DW-mmX'h^. i2ll 0 1 
COMT im=f-l 0£^trMT J 'N-y K 1 C9^^fS0T 

[0 0 7 2] MTJA 7 K1H Sffi9©JitC. TSBm 
a'J-HilO, MT J^7 0^3=tt/^S5 0. & 

JICT. MT J ^7 0 teifSltJf 5 0 (cSIg 
$n, TMR*f7 OCDTS^ffiteTaS^U-K® 1 
OClJgU -75. ±gfl«®kLtgf$m^>J-KB6 OKS 

TSB«Jg,D-KBl O&cfcOLLgPiSii'J — K 

i6oit mt jm^7 ok*h,t, mmmtdrntajj 
mmm5 0it. Tg&msuj-KBi oi^asmau-K 

B6 0iSr*ft«tC*6^-r-5^:«)Wfe©T&5o 
[0 0 7 3] *H^CD^fCJ:^MT J m?7 Oil h- 

2 t^bfc^-s^ffiiaMji^^r-r^o TgBmjcCD-KB 

lOtC&LT. TS5m@«B# 2 0 £n. ^©_t 

(C. K >*)Vn 'J7I3 0, ±gBS*fgB#4 0 t*t« 
ldS«$ftT^5. h>*;UA'U;7B3 0 5«A/TiO 
3-5Tgfl«S«B#2 0*5cfcZ*±gB*ffif«®#4 Ote, 
#»C3$flBfi:B£-&A/TH5. 0 2IC^bfc<t5(C. TSB 

*2 0(i y-Hi2 2t, KB 2 2 .LCfl&jBfcSft 
5Mtt7'J-l2 4t£^W5. y-KI2 2« 

KMBttBT&o, %amttiy>j-m2 Aomm.^'&t^ 

[0 0 7 4] ±g&*ffi«B#4 Ott. 3fi«ttfcT>l«JB4 

2. smsttB (saua&ji&<biFtfn-&) 44*3^0: 

f>KB4 2tt. @^SifcD?«n^„ Ctltt, MTJ 

tt®4 4{CctoT^tfe»n. mfb^(fi]#@^3tiT^-s 

^e.T*^ 0 -7j, SS8tt7U-i2 4©a», ; E-^> 

C C T. 3$®Ett t > KB 4 2 ©fiB{fc75 fa 4 3 ttfl-gBfiB« 
fC^bT^fTlC^it^cDdWSLU^ &fi3tt:7'J-B 
2 4 (VmikXlft 2 3 te, ^-SCfiS^O^t^ffiT. 
tf> KB4 2 ©BBKfc7Jf6]4 3 \ZttlsTmmz&M?Z><D 

[0 0 7 5] -fe>X««Ett, ±gB«aU-KB6 0^€, 



§114 6. ra«tt!4 4, K«4 2, h 

>*^/f'J7i3 0; Mtt7'j-12 4, ->-KB2 

jumsftcDSte. h >^jw\*u 713 oizmx^tiTmrn 

UT(^5 2^©&«teB©ffl8{fc;£|6], T&fc^. 3£GSi4 
7U-M2 4©iBft*|Sl2 3 tSS«tttf>HB4 2 ©68 

MT J^T(C«. hy7"tg'J-K6 0^e»TSB«^U 
- KB 1 O^tSgEM&a^j&SnTl^-S. 

[0 0 7 6] «aE»ME#*»6-©«*tJ:oT. Mitti 
fS]2 311 jS{b75(S]4 3fC¥fT**W±RWrK:te*«fc 
■StClUfe-r-So ^tlfCt^T, 2t3©3£fiBttB. 

S©»fc^b-£., iot, MT J lft^7 0 ©Jg^-JgtrCfil 

[0 0 7 7] i3(l H2»C*UfciBl©iafiO»!8»c 
^fctt-SMT J ^CD^€a|^^-rMT J 'Sy K 1 ' ©Bff 
rfflMTJSfiih>^A''J7l3 0' 

iiz7iiisrzmi<DMM<D&m<Dmf$.mftt, mnwizm 
H2 fcsbfcje i (vm&oMmozm&mmizim 

A. r>7"W-M2 5^y-KI2 2' iSM4I 

(e>ifc«e>B) 4 4- toHicMsnxi-^o^ 

»ttt7'J-I2 4' «*fg9!© rsi§2CD*i>ES 
ttBj O-**«"P*0. 3£«El4tf>KB4 2 ' (i*^ 

mco r^icossmttBj ©-R^J-e^-s. 

[0 0 7 8] <MT J s\y K©^75i£>^(C> ±|HL 

rc^gc h >^-)im^m oat s) ^nmrn^mz-D 
(mtj) m?<Dmmjjmz-3^-chm-&T3iwT 

[0 0 7 9] HI, 0 2*«fcOt04*^»abT, MT J 
K l*«ttXMT J*^ 7 0©Sit7Jffi^lffiBJT-5. 
i4ll MT J 7 0©SB^ffi7CbT^L7c»f®iaT ! * 

[0 0 8 0] ^-T. m&9<D±lZ, Xrtytn)>#mz 
«BLfc«|jt. ^>^JP (Ta) , $ (C 

u) . *>*;us«fc«BLfc«jia»&fc*T«*aty 

-H110 6»)frr«. ^tc, TSB«g;'J-KBl 0± 
©-g5tCTMR^7 O^^Egf^i^lC, ^©TMR 

^7 o (DfflMm&znisb&ts &o\zi^T. Tasmsi'j 

- KB 1 0 ±{CTJP5 7^ (A 1 2 O3 ) ^©^B 5 0 
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[0 0 8 1] BLblcfcO. h >*;Ptt&«ta3»*£jfl]ffl 
t5TMR*f7 0i, TMRtf 7 OlC*fLT, *fiH 

aSm^U — HJi 1 0*>J:tf±§BmaiU-FJf 6 0) 
tiAfcm»SB»j£#|f£;H09MT J s\y WM&ifiTzT 

[0 08 2] rCl-C, TMRif 7 0J£. 0iJ;L«, #© 

'J - Kg 1 0 Jifc, XA-y ^ U J: 0 KB 2 

2£7g6rfS 0 KB2 2«, ^>^;L-. ?DA (C 

r) . f 1 ^^ (Ti) , - y^U^OA (N i C r ) 
^43cto:--y^r;l/^PA^ (NiCrFe) &&frt>tt 

it*. ->-KB2 2±JC. 0U*.tf, Z.rty9*)>!/mz£ 

Cl©*£\ 3tatt7'J— 12 4(1 #J;U£rmjUh (C 
o) , a/Vlh'&4bi5J:Zfi—vdr)l>& (N i Fe) 
*<Oxe>»SttoKlr»»»**trJB 1 ©5fi«ttBlt. 
^7^M (N i F e) S-r&^>, N i F e X£-& (X = 
^□A (Cr) , ?>i?)V (Ta) , J E'J^> (M 
o) . (Nb) , vMVn-^A (Zr) ) 

«&ft, {gS^TT $> -5#£|-£-&tyfg 2 ©SUKtfeU t £W 

Sffiu - kb i o ±\z. T^mmmmfc 2 0 zm&lt 

[0 0 8 3] JfctrVT, TBB^SfSBft: 2 0 ©±tC, <&M 

mitm. <^t>*?>z>, in sit utt) iz^iT&mm 
&m<tmm-rz>z.t\z&K>. k>*;pau7B3 o^jg 

[0 0 8 4] |~>^|/;\'iJ7I3 0£^fifcUfcf£. Co 
Fe^ffflSttli. (Ru) ^©#®i$B 

*J:tfCoFe£&#©«te«*JHK8UiU ttSttkT 
>Ki4 2ft»*T5. fc*. »«ttlf> KB4 2tt. 
20©llftl*! 1 ;P5^9A©te, l^-^A (R 
e) . Py^A (Rh) . S*i^DA^e&5i 

^HO. X/t-^U >^tCctO, fi^T>^> (P t 
Mn) 6!S:5SKi8ttl 4 4 SISS 

ttkf>KB4 2 tK3S«ttJI4 4 t©»B5K:*«r»TXl(l 
&£*t£U, 3£«Bttlf>KB4 2iZ&t l -f2,m<k<Dfa2rf 
ISSns. S&fC, 5&«St$B4 4±JC, 9>9Ms> 
6&5.SS14 6 TMRff 7 

OiOM^TtS. Aft, aitt7U-I2 4tt. * 



> KB 4 2 tt*%BjcO 2 <0»ffi&N j CO-ft^JT 

[0 0 8 5] f&l<D$m<DBm\Zi$ttZ>&MWV&Z>& 
iO:MTJff7 0' ©Bifi^&K^T. 0343itX 
E5S:#ffgbT«T(Cia^T-5. 0 511 MT J 7 0 ' 
©&B£t£*LT7KUfc»fBB0T&-5. ddTte. MT 

j ^7 o ' <nmfS,mm<Dz>t>, mt j *f 7 0 tin— 

^T®a«BS-r-5. &*5, MTJtf 7 0' £W©#t«£ 

[0 0 8 6] MTJSf 70' tt, #J*Jf. *©J;5iC 
UT»«3tl5. E3tC^Ufci-5(C. TS&SS'J-K 
Bl0±tC. X/l7^J>y»: < tf5>'-K)g2 2' £ 
^fiTTSo ->-KB2 2' Jitc, {RJAfcfXAy^U >^ 
ftiO^y^^K i? OA, 3^>. NiCr&4W 
UttN i C r Fe^*6tor>7'l/-H2 5 £ 
Wffctz. S^SSttM4 4' ;fc«fctf3&Kttfcr> 

KB4 2' SiC»flEt5^iTf. ->-KI2 2' . 5 s - 
>:7*l — M25, gMfti4 4' *3<t^attfcf> 
KB4 2' «t«IC«JBSn3tT««««Ji#2-0' 
J^^n^„ iggHT. TSBm«»Jf # 2 0 ' ©±£, K> 
^A'J7I3 0' SrpJSrfS. K>^;i/A'JTS3 
0' Sr»j«Ufc«. Mft7U-§2 4' 43<fctf«SB 
4 6' &»)Sfc-r*C:t-C±»««fllJi«:4 0' SJpJffcf 
£ 5 IT, MT J aST- 7 0 ' 

[0 0 8 7] <K>^l/A*UTB©»ft;fe ( i:WM>MT 
Jif7 0WTMRit£|6]ii£-ti\ ^O, S/NJt^'fe 

®c*-r-5>fei6(ctt. ->-h'i2 2*«fflu r^mmm 
o<Dmffinz&{&mTz%mt>m\zfrMi>^. s 

fc. K>^;W\*U7B3 0«. 7;l/5 -^A^*-2>^« 

«fcoTBtftffla-r*^:i:»cj;oT»J«-Cf**. Z.(D£o 
7iMT J M^F 7 0 ©SteSJrtMtt. ^©IW®a*i2 0 0 
x 3 0 0 umi ^SQ^e.^ 1 0^-UQ<Dmm 

[0 0 8 8] MT J 0roS/Niti£5Sc#-r-5fc»6 
fCtt, h>^A'U7I3O0f^5M6bT, 
tjxM£Ttf£#j£fc#x.<=>n-2>. r©t^, k>*;ua* 
'J713 0H 7Jl/5n'7Al««St5Ci;l:<t 

tC, OA, €ijyr>, ^>^;U, z:^-^, ffi. S# 
(P t) , /t7-/^A (Pd) , *n> (B) , vim 
(C) , t;ps^^a, 9 > V 7,7- > (W) , ->U3> 
(Si), ^^>. A^i^A (V) . ;P^-^A, 1/ 

-^A, ^H-^Afei^ijryA (Ga) frt>f3.& 

SSSLfcfc©?: K>^y\*'J 713 0 d <t t> 

[0 0 8 9] E6H «*©JH-*fl:jSfc:J:<aT»*S 
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ntzM-m(Dh>*)vnvTm 1 3 ost»MTj.*?i 

7 0 ©«4M»BffHT*-5. &mtt7 y-1124 CD±tC 
A'J7 13 0*«|Sn, S6fcHfc«tte>KJll 4 2 

■5T{|Wch>^;i/AU7I13 0H L4fLtf, 
©»*3jt*IIli«)«BftJ:oT**<JW:0. A>ttO^ 

^-t&So a sic, m*i5fa\iz&\ir*mm<o»ftmifi 

3 0 SttSMT J IR^ 1 7 0 7?tt, t>Xlit;H 
MJ) 

[0 0 9 0] £niC#U **WOfB 1 CD**(0»IIT 
it, H7lc»lx/tJ:^lc. «ft04JHJI««fr*tt#&H 
■ eXMWttfMU igffclTS^T. MTJ$f70 

J5Hfe9*rti±u m-gflsftizj:* h >*jwvj 71 i 

3 0 £ (3 fcJP3MDJ3— 14(7)^ h>*;W\U7I3 0 £: 

-^©KHt A*BaWJc*Vi»*«»f^«S £#IC, 
*r$*& H >*;i/ A* »J 7Ji<DJ?^iix. S £ <h So L 

U7B3 Ocoff^CD^ttSTtf^dt^t?*. £0 
T, «*©TMRit*|6firUfcii, &£»ffi#Ltt£{Ktt 
T#S (S/Nlt*faj_h$-e:^^t*iT?#S) o 
[0 0 9 1] UT. ^WCDWi 1 ti$zm<DMmz%2> b 
>^MU7I3 O^MTJ 7 OO^y^rifC^^ 

[0 0 9 2] »KD*B<o*»T**a^a>»ffc;jS* 

ck o TM&Ztltz b >*)Vrt U713 0 S-g-tTM TJi 
^7 OCD0&0T&So h>^U7i3 0lt 
7V—m2 4<D±\zmi <T>rt U 7B 3 2 £ JgjBfc L JtO^ 
Sfti&SU $ 6trfg2 0DAU7Jf 3 4*RfbfflJI»<D 
S10AU7I3 2CDJLJC«^b^0^^tffl^TSC: 
£(c£oTf#£nSo »fcffiltt2a»»ffcftifci¥.£ 

^~vi±m&&mi±yv—m2 4<D±\zj&f&Lfz(D'*>M 
<mmi>. mit7)v^~vi± (aiox) i 

(DAU7S3 2*»jbST*. WiH ^1207 

-^AS^^fb®S^C0^1(DA + UZB3 2(D±iZ 
#ftU ZtlhmtTZ>ZLt\Z£r). «2(DA + 'J7I3 

4^Mts 0 2oco&{fc/f, "Tfcto*, £ 

l£cktf|j!2cDA'y 7jf 3 2, 3 4lt tt 1 -}<Z)i3H£: 
AlOxI, T^:*^ h>*MU713 0 SJgJGft-T 
So SBtttf>Ki42M10xI^^5 
h>^A'J713 0O±(:M^n^ SI 143 

£tfSg2£)AU7Jf 3 2, 3 4H ±M<D7)V^~OI± 

mofttiv\zm<D&m^i$&mmitmimmr%^h\z 



a^/uTfccfc^o h>^n'j7i3oit 7 
;i^--5>A, ^>^;k ->y;k ^^>, /\7-^a 

(Hf) , -?>7*zsOI± (Mg) , yij3>, yj^r 

ckO^^L^o 
[0 0 9 3] 2a«»ftftT*S»ftj£ni, £StC, 

mi(DAU7Jl3 2(Oi¥^t 1^\ I2 0/\ , 'J7I3 4 
©f*t2KTT*5/^-> (ggffcffi I - 1 
t, Sl©AiJ713 2CQJP3* t 1^?, aS2 0>AU7Jl 
3 4(Dm& t 2 £9 fcJPlVt^-> mitt£ I - 2 £Df 

t(D20T$S, 
[0 0 9 4] BKtffil - 2 ( t 1> t 2) <B— 0J£L 
T\ ^rftGD/p^ t 0rt*0. 5nmT'^^^I^h>^;i/ 
AU7I3 0 SMt§«^l:o^TSWt§. g^O 
iZ. 0. 3 nmC£>Jp^tf)7;l^-^Agi ( t 1 = 0. 3 
nmOSftffllMl CDAU7J13 2) SrtflAtf. X 
A *y * »J >^l£ J: 0 5^ >Af*JTfg 1 7 U 

2 4ii{c?aSTSo ft>Art6#>^»aL t -t© 

2) ^, M^K^S^^^i^^^XvtCEIB-rctT 
Sl^AlOxl (Sl0)n'J7i3 2) ^Mt^o 
^V^T, ip^^O. 2nm(Dm2(D7)U^-02±m (t 
2 = 0. 2nm(0Kfl:^3SStfO^2c^A*U7®3 4) * 
mi (DA 1 OxJg|CD±tCft/lTSo ^^>/N + rt^S^ 
>^*Ml, Ta 1 Ox/7J^r^Aj K**E»^ 

•?ZZt-C, TA 1 Ox/A 1 Oxj mTffif&lsftZW- 

m&<DM^ b >^;uy\*u tm 3 o ^#6>tiSo 
[0095] mzmm-r^, mmmi i:<tot»«3 

tltMTJif 7 0H TMRttSlt^U, m-gtftr£ 

jp<^ till 0 . 6 nmJgTR m& t 2 it. m& t 
1 *99T«S ^ t^IS L^o 

[0 0 9 6] ***<D«!Wc.*lr^Ttt, h>^;i/ 

A'U713 0it&M&7V-m2 4<D±izmMt£n, » 
«tttr>KJi4 2«h>^;uAU7«3 0tf)±f;:ffiJI$ 
tl§:iW^LK SSI:, h>^AU7!30CO 
i»*ttl. 5nmHTT*5It^SiLK 

[0 0 9 7] ^(C. ^ft^Smf<D^ 1 (D A' U 7S 3 2 £> 

ct^m 2 (7) a* U7I3 4 <D&nt<Dm& t o = t 

l + t2) d^^Ofiit^Scfc^t^ ^{Lffil-lfcJ; 
^Th>^AU7i3 0A**A&MTJ*f7 OA 

*fp«-r*t*ic, mitmi -2\z^xb>^jwvj 

71 3 0 B SilitMT J 7 0 B 6fPB f^#C7) 
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-^ftffifCct^MT J 1 7 0 tZ-D^Tt>m&<DWm$:ft 

[0 0 9 8] H8H ■flSffiI-lfc£oT»J*S*l& 
MTJSf 7 0 A*5<ktffltffcffi I -2l:j;oT»«Sn 
fcMT J*f 7 OBICiWft&fittiRi, Sg/P^t 
0 £<BH«£^TK9JEIT*-5. ^uTIl ^{fc^Sinf 

3 2BtcttfS2 0A t iJ7I 
3 4A, 3 4B£LT, 6t>7*S=9A«e«^ 

U71130 Si^fcMTJ if 170 »C3l>TG>IS* 
*>flM*T^L)fc. i8tt^Tit «tt**S^ffi*iR 
(Q) 2:^hU «tt^h>*;W\ f »J7I3 0 A4Mt 

7;^z^A(Dii^tO (nm) &4o, h> 

*M'J7I13 0m ^1^7;^^^!^ 

[0 0 9 9] %m<DW~—mVC&\Z <toT 
»j£Snfch>*JPAU7Jl 1 3 O^feOMT Jif 1 

mmizmitmi - 1 raj -e^u g^** 

[oio o] H8*Cctn«, m 

KftffitCcfc^TO. 7nm(D7;Rr^A©*I$ 
0. 5 nm07;^r»?A»lSi|ftj(lll / fci^ Jg 

^Tn<£>jp<^t o\z&^t*>. m— witfe 
^ftffi i - 1 ©wtS5i^»^igsi«[R**r«k 3 (c^-p 

[0 10 1] B9H 08Tffl^feMTJ*f 7 OA, 
7 OBCoiit, TMRJt<0*{fc«IHSElx&l8**^ 
To J^ttlCTMRit (%) flWWcfct, 0 8 1^ 

& h>^MU7!30A, 3 OB»J0cT*Kfltffi3 
i}©8.1.©A*iJ7i3 2A, 3 4 BCDjp^. t 1 Kffc 
^SiftCD^2tf)/\*y TJf 3 4 A, 3 4B0QJP<^t 2£tf> 
^m-T**T^5-^AIKa)«J»*t 0 (nm) 



13 0T11 *l07;^Z^AH$ffll\ -^<Djp<^£ 

[0 10 2] EI 9 JC^Ufc«fc-5fC, TAJ 
»<fcffi<D»-&, JS* t 0 ** 0 . 7nm4^0. 5 nm£ 
TSM^i, Cftl:«DTTMRIttt2 7%^£5. 

■ <Dh>*MU7Il 3 O^^T^yDirX, T& 

MT J |f*5li|JMT J 'Vy KcDttJ*»JE^<g;T 
U CindcfcOS/Nitfe^kT-So H8:fc<£tf 
H9l:ffl^fcMTJ*m r^>^;p (5nm) /N 
i Fe^ (5 nm) /CoFe^ (2 nm) /A 1 
Ox (2it>L<tt*lT, 0. 5-0. 7nm) /C 
o Fe&i (3 nm) /Pt Mn^ (3 0 nm) 

g-iioip^^^To 

[0 10 3] H8*J:tlfH9lC^StlT^^ct5^. ¥ 

— KYbffitctoT^ufcMT Jif i 7 ota, mm?* 

t0 = 0. 5nmO«^ 5. 4 %<DT MRttjS&ZS 
1. 3QO»§filSiR6*T. -2k r#j TiRUfc 
^{bffil -2Kr«kSMT J 31^7 0BI1 gf^tO- 
0. 5nmfc6HT14. 7 %(OTMRit^5J:^9 . 4 
QOS^SSxtR^^t. h>^AU7I 
3 0 B ft* 1 OAU 71 3 2Bi LTJP^ t 1 = 0. 

CD_Hcg§ 2 CD A* U7l34Bt iTf^ t 2 = 

o. 2nm<DT)i$~v&m&mm\stz<D*>mitmw-r 
tctoTMT j*f 7 0BS»/snt^ 

-•>A»B*»]BSt-*»^ TMRJt*«ktf»£«Stffi 

O£0JP^tl = 0. 3nm^imU7i32BO 
gHt^S*^ COl0TM^«Itt7U-I2 4(D 
#® (»10AU713 2t»nB) *<t>r*^C»fb 

T£o 

[0104] S1H ±fB0 8 £> £ 0 9 G>«*£«K: 
[0 1 0 5] © 
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Mfr- t 0 


RXA 


ffll&L a 


1 x l tim 2 


nm 




— 


TMR 
(90 


R 

CQ) 


mm i - 2 


3 + 2 




1.0 0 5 1 


14.7 


9.4 


mitm i - 1 


3 + 3 


3 7.1 


0.9 6 6 2 


2 5.9 


4 1.1 


m<t& i - 2 


4 + 2 


2 3.7 


0.9 8 6 9 


2 6.7 


2 6.9 


I ~ 1 


3 + 4 


7 8.4 


0.9 8 7 4 


2 5.0 


8 3.2 


mfcm i - 2 


4 + 3 


5 2.5 


0.9 8 4 4 


2 6.3 


5 7.9 




7 


44.5 


0.99 2 8 


2 7.6 


4 5.7 




6 


1 1.3 


1.0 0 5 6 


1 6.9 


1 3.3 




5 


1.4 


0.84 9 0 


5.4 


1.3 



-V AfllCQ/IU^^U lEYt^ICD^tt T^lcDA'U 
7®C0i?* t 1 +m2 0A*'JTg©ff* t 2 

A (Qmiti2) £t?;U 4 ^iJgCD^Bte^—^ 

A' U 7I*SMStlTH5 C i if S^J143cfcZ>'6 

pie corns itm-itmrntfi x i Mm 2 cmt-sT 

MRhfc (%) tm^&mMR (Q) ^^r. 
[0 10 7] m>T. MT J mTizm®H*wfni,rc®. 

OTMRtt^i r>'ft^StrLM R CO Jfc^!f#t4 (C O H TUSSc 
Lfc. H10»4, «fcffiK:.fcr)»]5fcL&h> 
*^A*U 7S 1 3 0 Sflljt&MT J 1 7 0 
U Si in jgi ©SISS<DPSg{c*5tt-5i?{t^ 

I - 2 IC<t 0 ig^Ufc h >^W\'iJ 71 3 OB^IAfc 
MT J 7 0 B»CO(r»T©IS***-r. HftlOD h 
A*'J7B13 0, 3 0 BlC&lATfc. ^I^tOttO. 
5nm, SSillJlxl/im!T«65. ilO, 11 
fC*3UT\ *ftt(4TMRJt (%) £tkU 8tMtttt«H 
(Oe) 

[0 10 8] h>*)WV)Tm 1 3 0H Jf£*0. 5n 

bi ofc^ufci^tc, mmmzMvx^u 

M^l6tlf, **«ttTMRJt*t»5*, S^Jgfix 
iR*«l. 4 0 (Q) ICtifSoTHS. — h> 
*;UA*'J 7I3 0Bil Jg 1 OA'J 7i32Bi bTJl 
*tl=0. 3 nmC07;US-^A)K§r«MLfeC0^®E 
flSfflST-SIgt. *5EtAT?i§2CDA*U7Jf 3 4B<fcUT 
m& t 2 = 0 . 2 nmCOTJL-S -^AHI^ffiPLfccD^ 

mtffia-r*xsiKj:-3T»«Lfc. hi ltc^Lfc 
«t ^ 010 om-mitmj: o fc;*:£&f££:fl:©&fl> 

tffal 0. 7 (Q) 
[0109] I12~14(t 8)?*t0 = 0. 6nm 



HlO^itflliB*. h>*^A*U7JICD&£-®« 
Ili-LTlx Um! tLfc. «MW«TMRifc (%) 
*5«t^«^gtitfllR (Q) £jf;U «tt*«»«H (O 
e) £^;r. 112H l£*©*-*ft:i£^«t-DT»jSE 
3nfc^JI*t 0 = 0. 6 nmC07JU5 -^A^CO h> 
*MU7il 3 0 flAtMT J 1 7 0 
tt^t. H13IJ. ««JCJH*t 1=0. 4nm©7 

~CASI (ill C9AU 713 2 B) £&tffc;&lJ!U 
&{C/P^t2 = 0. 2 nmC07;U5-^A^ (3S2COA 
U7J13 4B) **{fcT*Ci:fc«tr3-C»fifeSnfc (T 
Mitmi -2lZ£Z>) h>^;l//\'U7l3 0B 
St^fcMT J If 7 0 B0(6^tt$^t. £<E>(C0 
1 4 H SSHCjp^ t 1 = 0 . 3 nmCD7JUS -^ASt 
(S1WA-U713 2A) SfftSIIL, ^'»C»*t2 
= 0. 3nm©7Mr:^Al (I20A'U73 4A) 

h>WU7i3 0A*iAfcMTJ 
^7 0 A©fS«F«rtt£jj*T. 012 — 1 4fcjRl,)fcffl 

[0 110] $6IC, il5~17il mto = 
0. 7nm<0*^lC*»ta&*flsffiOJt*SfTofc. T 
MRtfci5«fctJCS^ffititttRCD«l*H{C*J-r-5^ft^tf 
& h >^;WA*'J 7H C0&£-ffi*Ste 1 X 1 Mm2 T 
*0. *tt*»TMRJt (%) *«ttf»^-fifiti[R (Q) 

«W7>ii8«H (Oe) Sr^t". 11511 m— 
«{tj£»CJ:SMT J$f 17 0 ©*«P«rttS*-r. 0 1 
6 H &{fc«lJI«rcDgS 1 ©A* U 7Jf 3 2 B £ ITU* t 
1=0. 4 nmC97;US-'?AISI£fflt,>. ^fc^SitficD 
m2CQA*'J7Jf 3 4B^LTS*t 2=0. 3 nm©7 

;u5n^AM^ffl^fc (-rtz.t)%. m<tm r - 2 ic £ 

5) h>^;WA*U7S3 OB^trMT J 7 0 BK^t 

sis^issr^r. gnu ^kiaaw©m 

lfflA' l J7I3 2Aitt)l^t 1=0. 3nmffl7;i/ 
S-fAi^ffl^, S?ft;fflaS9©^2 0A*U7^3 4 A 
tbTiP^-t 2 = 0. 4 nmOD7;i/Szz<i7A^£fflU;t 
("T^ob-S, SE{ki£l -ltcj;^>) (->^/\'iJ7l3 
OASttlMT J 7 0AC6ys«S»tt*sr. Hi' 
5~ 1 7 il^LfeiotC, t0 = 0. 7nmiLm 
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to 1 1 1] ±.mLtzt&o. m-mitm. m<mi - 

1 &£Z£Mltm I - 2 k:J:***tt. «»HK:*fT*T 
MRJt*«t^»^fittfl[R(o'iS«4*tttCiStlfc. MA. 
tf. 01 6*s«ktf01 7S>»t5i:. K<fcffl«ilft<Z>S6 
1 ©A'U 713 2 ©JJp,^ t 1 j^KftMSlffl©^ 2 ©A 'J 
71 3 4 <75iP^. t 2 WTroJP<^£*-f-5i§£-, ffc^ 
Kfbffil-l (tlSt2) MTJff70li 
1-2 ( t 1 > t 2 ) 0 t,*#ft»^a 

jftRSTKbTl^S. Z.CDZ.tte, AlOxl 
U 713 2) ±{X®fi£$nfc7;i/5^7AK (&{t:M3 
b5©^2©A'J7I3 4) tt, MflSttH±fca«»j«a 

SC>^«2©A10xI (Sfl2 0DAU7Ji3 4) # 

[0 112] il8(t «e3fctf>«£-&ft:*£tC<k-2>A 1 O 
x;*»S&Sh>*;PAU7Ji 1 3 O&ffiTLtzMT J iff ^ 
1 7 OiJiCJCS 1 <D&M<DMm<D&tft,iti I»C«tS 2 M* 
jgcDA 1 Ox7"»<=>&-g> h>^;UA'J7B3 0£{f;l7iM 
T J m^F 7 O'C^HT. ±.>7.mMhn^TXWS.t(D 

(A) £*b, itt«;H7xt)i (v> sit. 
^■HE-m. -hg&m^ u — k 6 o t>T&m$s. u - k 

1 O^HWra-r-S^n^JZA-f 7XtL. SiMEHC^^T 

r«j &l<\z r#j fc«koT*Sbfc. TSP 
*» >J — H 1 0 £ ±SBSM U - H 6 0 'sSJftrr *3r f6) 
^H7Xtl. KWHfC*V»Ttt ITJj *>b<'± 

roj tcj;oT*iUfc. Bli8fc:«tntf, raj 

raj T«^Ufc*-aiYbttK«fc*MT J*^F 1 7 0 

i:9t>. r#j roj T*^bfcB!ftffinefcs 

atfo***. r&;b*>, IMbffl«««Rigfc#W--Cfe eft- 
's Z. HZ£0 MffcZtltz h >*WJ 7ITIS, ;u 7 
XT^fSjlCcfce.-f. «J:D*f^-fe>xm8i!-A*'f 77.mJEE 

[0 113] BH9li,'fl»C*-lflafel:i9T»J« 

£*x;t h>^AU7Ji 1 3 0 ©KMis;$co7 p D7T-i' 

;P?:iTBSiaTfeS„ 01 9fC^bfc c k'5fC, ijt-BHt; 

MTJif 1 7 ortgftc^T, h>3uUA 
'J7B1 3 0©±ffitt!fflBH4t:>FJIl 4 2ii^U tic 
®tt^147'J-S 1 2 4(cS§LT^-2>. ^Mi«^coy 

1 3 oc±sii, mm&mmzmsnziimmtixtij: 

Q&t&ttiizmmTZ Z.£[Zt£Z<DT\ b >^W\*'J 7M 

±mftmizftiGT2>MmmTtf ztuznvm 



[0 1 14] -75. B2 0I1 **SfiOJg*OKftj* I 
fCioT^Bfc^nfc h >*;UA*U 71 3 0©P*I£iS £© 
^0 7 r-r^S^-rUgS-C^-S. 0 2 0 fCib7c,J;5 

tc. KYbtt 1 \z£.2>mm.mt£<D7'n 7 t-(mz, mi 8 
<om-mitmziiZ7'u7T'(ji'&9'bMft&tf£<. 

±Si©P*Mi*£<l> 2 £/£E©|J*MSi 3 <t> 1 <h©M#'h3 
TTifc*.. SBioKftT^sn^AK (?gl©AU 
713 2) *»ricUfcatC«20»ft7;l'5z:'>AlBt 
(fg2©A'J7B 3 4) £i£»nB?E£T£77te(Cettl«. 

[0115] <si 1 onmo&miz&tfzm^^o 
&oiz. *-m.m<r>Mm\z&n\z. 2&P£<D&it7'n-t7< 
&mm l-t h >^;w/\''j 7m%&rfi-rz>£oiz Ltcco 

fc«t 0 ^— ^*&Rtt : &*T-5 h >^;PA* U 7H 3 0 *Jg 

i DfV> h >^-;U/N* IJ7I3 0 *«^.fcM 
TJ*^7 0Sfi«n:t*«T*5. 

[01 16] arsic. **lfio»lBfcJ:ntf, 

ffittt^ttS h>^JUA*'J7g3 OS^fiKCiAiT-^ 

sfe*. h >^/\'<j 7130 w&wiz&w&wmm-z 

rt*tT?#s. tut)*,, «fco«nfcp»»*so#*.* 
[BjM^l4*^e>n, z\<Dtcsb, A<7x*i6it^s$n 

-T, SI^-©t>7iffi-/H7XiEiii)S5M 
T J 7 0 t*tpI^fC^-5. 
[0 117] [m2»*JSC0^M] ^JC. *^BJ W ^2 

[0118] iiew^'pie mi<Dmffi<D&mte. h> 

m 2 ©A*'J 7Ji&H**H«'f -pllft:«i8"r*©Ttt3& 
<. ^2CDAU7^±tC^fiS14^SrBg^bfc©^> rtgK 
fC#£E-r-5&*fC^£!£»ftS-t»T5 iiCioTf 2 OA* 

•j 7B zmitmm-rz £. o \z viz ^ot^s. 

[0 119] J^T> H2'l~2 8S#»HbT. *|ISSW 
^^T«. ±E*«©»J8tJ|fe**M»«»lct) 
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TttjgSlBlW*«BSf So ^tC, 02 1-2 8 £43^ 
Tfe, ±E* 1 ©*iSS<D»!B (02-20) OW^fiX 

[0120] <MT J m"?<Dffi!&>m 2 1 ;fej;<tf0 2 2 

MTJS&7 0C, 7 0C H21 
tt, h>*;Wt»J7»3 10)±t3WBttb!>HJi4 2S 
■ifcMTJSf 7 0CS,t^U B2 2H h >*;|/A* 
'J7I3T ®TKM«ttfc!>K»-4-2' SWftMT 
JB70C SScUfcfcO)-?**. 021 ;fcci;tf0 2 2 

ttfSo 02 1 \Z^t^o\Z, MTJ$f 70CT 
tt, y-FI2 2, Mtt7U-I2 4, h>*^AU 
713K »e>Ki4 2, EMttI4 4t>J:^ 
SiI4 6)&t, ^(OJB^B'snfcWiatJSoTl^o 
h>^AU713 ltt, $6fC2 0<7>JBfC^t6n, 
3l«tt7U-J12 4fC«-rS«t3fcWia)/tU7 p ll3 5 
»**ri&Stl» ^CD±fC, S2©AU7136*«Sn 
T^*. — MTJif 7OC0«MT$»^.MTJ 

M2 2l:glfci5IC, y~H12 
2' . r>^l/-M2 5. J£$S«ffiB4 4' SftKtte 
>HI42' h>^M'J7I3 1' , %B$ffi.y*)— Jf 
2 4' ;&J;tffiMJl4 6' **il<0)HC«]ian*:«iS* 
#LW5. 1»ttD, h>*;W\*'J713r tt20© 
ll36^»J«SnT45 0. SSttt!>h*l4 2' l:»t5 
J:5i:ilOA'J7i3 7^«^ *r<D±\ZM2<D 

?70C, 7 0 C *«AfcMT JAy Ktt, * 1 (OH 

[0 12 1] <MT J*^(0«JB*jS6>ll»-^T, *H*S 
©igffif:«5»ftSl II:<fc^MTJ* : F7 0C, 70 
C <0«i6#&fCOHT, 0 2 l£cktf0 2 2£#B8L 

T3Cl£fCj;oTfgl(DAU7Ji3 5, 3 7£f§£o h 
>MA*U713 1^56Bft7U-i2 4(D±fCH^$ 
nsfifit (0 2 1) ^OffSLK *(C. ^11*5 
^iMMT*^2©n'J7l3 6, 3 8SlfkI 
Si^l(DA'J7l3 5, 3 7(D±{:«m a 12 
©n>J7i3 6 f 3 8©iP*tt, 0. 4nmJ£AT\ 4$ 
tC, 0. 1-0. 4nmO«lT*5CtA«ffiL^. 
^l(0A , U7i3 5, 3 7t^20AU7l3 6, 3 8 

[0 12 2]*L ±fflHHftJlfM0. 4 0 / #S2 



OAUTS3 6, 3 8 0±l:«|gns. C<7)±gB®>^ 
fft@^4 0, 4 0 ' te, Sf£L<te3 0 or*SS<Dfflg 
T7--;m$n, K^co^t£«(CctD, SglcoA 
'J7I3 5, 3 7CD_LG0H2CDAU7JI3 6, 3 8^K 
ft^n^o gl2CDA*U7S3 6, 3 8(4, m 

«0*Stl/T, §114 6, 46' CD« 

So £<7)lg£\ Kffc«LSH9<7)HOA*U7Ji3 5, 3 7 

[0 12 3] <h>^A«J7I©ffffi>i2 3*1, fi£ 
*<Z)#— B6ftffiJC«fc-5MT J$f 17 0*5<ktf»fl:ffi I 
UCctSMT J m=?7 0 Cf:^^T, TMRit^rlt^L 

^*ttttiijjDsnfc»<fc:ffl.as9<osB 2 o a u re 3 6 <d 

AU7B3 5<Dff^ t 3 i»2(0AU7«3 6 CDJP^ t 
4t^B-6Sf»P*t 1 0^bfcfe<Z>-C*So & 
*3, ^l43cfctf*2<BAU7Jf 3 5. 3 6(C^7^5- 

^AJK^ffl^^fco i2 3(:^Lt ( toi:, m 

itmcom^. 0. 7nm^blnm^f^t 10^ 
JgJp^t 1 0rt*0. 8nm^b0. 9 

[0124] H2 4H 02 3Tf¥ffiLfcMT J|f 1 
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